Vanillin oxime-N-O-alkanoates were synthesized following reaction of vanillin with hydroxylamine hydrochloride, followed by reaction of the resultant oxime with acyl chlorides. The structures of the compounds were confirmed by IR, 1 H, 13 C NMR and mass spectral data. The test compounds were evaluated for their in vitro antifungal activity against three phytopathogenic fungi Macrophomina phaseolina, Rhizoctonia solani and Sclerotium rolfsii by the poisoned food technique. The moderate antifungal activity of vanillin was slightly increased following its conversion to vanillin oxime, but significantly increased after conversion of the oxime to oxime-N-O-alkanoates. While vanillin oxime-N-O-dodecanoate with an EC 50 value 73.1 μg/mL was most active against M. phaseolina, vanillin oxime-N-O-nonanoate with EC 50 of value 66.7 μg/mL was most active against R. solani. The activity increased with increases in the acyl chain length and was maximal with an acyl chain length of nine carbons.
Naturally occurring vanillin (4-hydroxy-3-methoxybenzaldehyde) is one of the most abundant aroma ingredients of the Vanilla plant. It contributes a great deal to the typical vanilla flavor and is widely used in the perfume, fragrance and food industry. Vanillin is produced by a multistep curing process of the green pods of V. planifolia, V. pompona and V. tahitiensis [1] . The ethyl acetate extract of leaves and stem of V. fragrans has been reported to be toxic to mosquito larvae [2] . Vanillin has been shown to exhibit moderate antifungal [3, 4] and antioxidant activity [5] . It showed minimal inhibitory concentrations (MICs) of 1250 and 738 μg/mL and minimal fungicidal concentrations (MFCs) of 5000 and 1761 μg/mL against Candida albicans and C. neoformans, respectively [6] . Structure activity relationship studies on vanillin and related aldehydes revealed that the aldehyde moiety plays a significant role in imparting antifungal activity [7] .
Oxime ether groups of compounds are known for their insecticidal synergistic and insecticidal activity [8] . Among the large number of oximine compounds, piperonal oxime N-O-alkyl ether exhibited insecticide synergistic activity far greater than that of piperonyl butoxide [9] . Several of these also exhibited anti-insect properties against Dysdercus kocnigii [10] and Schistocerca gregaria [11] . Chowdhury et al. synthesized alkoxy-substituted benzaldoxime ethers and evaluated their IGR activity against the desert locust (S. gregaria) [11] . On topical application (at 20 µg/nymph), the most active 3-methoxy-4-ethoxybenzadoxime-N-methyl ether, caused 100% deformity. Very recently, the activity of benzoylphenylureas (BPUs) containing oxime ether and oxime ester groups were found effective against larvae of oriental armyworm and mosquito [12] . In another study, oxime esters of 2-tridecanone exhibited significant nematicidal activity against the root knot nematode Meloidogyne incognita [13] . Essential oil based citral oxime esters also exhibited significant antifungal activity against Rhizoctonia solani and Sclerotium rolfsii [14] .
Macrophomina phaseolina, Sclerotium rolfsii and Rhizoctonia solani are major soilborne pathogens of many important crops worldwide. They cause damping-off of seedlings, and rot and collar rot on young and mature plants [15] . Control of these fungi is rather difficult in soil because of the extensive host range, their fast growing capacity, and the production of sclerotia that may persist in the soil for many years. Esters of vanillin and vanillin oxime are also known for their fragrance properties [16] . Since naturally occurring vanillin exhibits moderate antifungal activity, efforts were made to enhance the activity by chemical modifications of the lead molecule. The present paper reports the synthesis, antifungal activity and structural activity relationship (SAR) of naturally occurring vanillin and its oxime esters against M. phaseolina, R. solani and S. rolfsii.
Vanillin, on reaction with hydroxylamine hydrochloride, yielded vanillin oxime (2) , which is usually a 1:1 mixture of E and Z isomers. The structure of vanillin oxime was confirmed by IR, NMR and mass spectral data. The IR spectra of the compound showed presence of absorption bands at 3600, 1665 and 945 cm -1 confirming formation of oxime moiety. In the 1 H NMR spectrum, the aldehyde peak in vanillin recorded at δ 9.8 was absent in vanillin oxime. Appearance of an additional peak at δ 8.10 due to the H-1 proton indicated the presence of the aldehyde oxime moiety. Vanillin oxime also showed an additional D 2 O exchangeable proton singlet at δ 2.03 corresponding to the oxime proton. The 13 C NMR spectra of vanillin and vanillin oxime exhibited almost similar patterns of carbon resonances except that the oxime carbon (C-1) appeared downfield at δ 150.39 and the peak appearing at δ191.02 for the aldehydic group was absent. The mass spectrum of vanillin oxime showed protonated and sodiated molecular adduct ion peaks at m/z 168.0 [M+H] + and 189.9
[M+Na] + .
Vanillin oxime-N-O-alkanoates were prepared following the reaction of compound 2 with different acid chlorides ( Figure 1 ). The compounds were purified by either column chromatography or preparative TLC. The percentage yield of the different products is given in Table 1 . The IR spectra of the compounds showed sharp band at 1760 cm -1 confirming formation of oxime ester. The 1 H NMR spectra of the synthesized compounds (3-14) exhibited peaks characteristic of the vanillin oxime ester moiety. The pattern of the proton peaks was almost the same in a homologous series, but differed from each other with respect to the number of peaks corresponding to the methylene or methyl protons constituting the alkanoyl moiety. The 1 H NMR spectrum of the representative vanillin oxime-N-O-heptanoate (11) showed two doublets at δ 6.93 and δ 7.45, and one double doublet at δ 7.04 corresponding to aromatic protons. Compound 2 has two hydroxyl functions and either of them could have been acylated. Since a peak at δ 6.03, corresponding to a phenolic OH in vanillin, remained intact and an oxime proton detected at δ 2.03 in compound 2 was absent in the oxime ester molecule, it was inferred that only the oxime function had been acylated. Beside the oximine proton (H-1) at δ 8.26, triplet and multiplet peaks at δ 2.45 (H-2΄) and δ 1.71 (H-3΄), respectively, were characteristic of the molecules. Compound 11, in its 13 The mass fragmentation pattern of compound 11 is depicted in Figure 2 . It showed a sodiated molecular adduct ion peak at m/z 302 along with another potassiated adduct ion peak at m/z 319. MS-MS of the sodiated ion peak resulted in fragment ion peaks at m/z 189.1 and 171.9 due to sequential loss of CH 3 (CH 2 ) 5 CO-and Mass was determined using an ESI source with a Finnigan LCQ tune plus program fitted with a MAX-detector. Xcalibur Software was used for the purpose of identification, quantification and fragmentation of the required masses. IR spectra were recorded in Nujol with a Nicolet Impact 700 FT-infra-red-spectrophotometer.
Preparation of vanillin oxime:
An equimolecular quantity of vanillin (4 g) in methanol (50 mL), hydroxylamine hydrochloride (1.35 g) and anhydrous potassium carbonate (4 g) was placed in a 250 mL round bottomed flask and the contents refluxed for 1 h. The progress of the reaction was monitored by TLC. After completion of the reaction, the mixture was cooled, filtered and the solvent removed by distillation under vacuum. Ice chilled water (100 mL) was then added and the resultant oxime was extracted with ethyl acetate (3 × 50 mL). The organic phase was passed through anhydrous sodium sulfate to remove traces of water and the solvent evaporated under vacuum to obtain solid vanillin oxime (2) . The product crystallized from methanol as fine powder. 
General procedure for the preparation of vanillin oxime-N-Oalkanoates:
To a solution of vanillin oxime (2) (0.05 mM) in dichloromethane (30 mL) in a 100 mL round bottomed flask, 2-3 drops of triethylamine (TEA) was added. An equimolar quantity of the respective acid chloride (0.05 mM), dissolved in dichloromethane (1:2), was added drop wise. The reaction mixture was stirred for 3 h with a magnetic stirrer at 0-5 o C and the progress of the reaction was monitored by TLC. After completion, cold water (100 mL) was added and the mixture extracted with dichloromethane (3 × 50 mL). The organic phase was then washed with water (2 × 50 mL) and the resultant organic phase passed through anhydrous sodium sulfate to remove traces of water. The solvent was removed under vacuum at a temperature not exceeding 40 o C to obtain the desired oxime-N-O-alkanoate. The products were further purified by either CC over silica gel using n-hexane and nhexane/acetone as the eluting solvent or by prep-TLC. Antifungal activity of the compounds was carried out employing the poisoned food technique using 4% PDA medium by the macrodilution method [17] . A stock solution of each compound was prepared by dissolving 130 mg in 2 mL acetone. An appropriate quantity of the test compound in acetone was added to molten PDA medium in order to obtain the desired concentration. The medium of each concentration and control was poured into a set of 3 Petridishes (3-replications) under aseptic conditions in a laminar flow chamber. The dishes were then kept under UV light in the laminar flow chamber till the medium partially solidified. A 5 mm thick disc of fungus (spore and mycelium) cut from earlier sub-cultured Petridishes was put at the centre of the semi solid medium in the test Petri-dishes and the lids of the dishes were fixed. Both treated and control dishes were kept in a BOD incubator at 28±1°C till the fungal growth in the control dishes was complete (4-6 days), after which the readings were taken. The mycelial growth (cm) in both treated (T) and control (C) Petri-dishes was measured diametrically in 3 different directions. From the mean results of the above readings, the percentage inhibition of growth (I) and corrected inhibition (IC) were calculated using Abbott's formula: I (%) = [(C-T)/C] × 100 Percent inhibition (I) was converted to corrected per cent inhibition (IC) using the following formula. IC = {[I(%)-C.F.] / (100-C.F.)} × 100 IC = corrected percent inhibition, CF = correction factor C.F. (Correction Factor) = [(90-C)/C] × 100 Where, 90 mm is the diameter of the Petri-dishes and C is the growth of the fungus in mm in control.
Statistical analysis:
EC 50 (μg/mL) (effective concentration for 50 percent inhibition of mycelial growth) was calculated from the concentration (μg/mL) and corresponding IC data of each compound, with the help of Statistical Package (GW BASIC) using a personal computer (PC) [18] .
Supplementary data:
The spectral data of all compounds is included in a "Supplementary Data" section.
